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Description 

structure and method of manufacturing 
a finFet device having stacked fins 

Background of Invention 
[0001] Technical Field 

[0002] The present invention relates generally to the field of 

semiconductor processing and, more specifically, to fin- 
FET CMOS devices. 

[0003] Background Art 

[0004] The need to remain cost and performance competitive in 
the production of semiconductor devices has caused con- 
tinually increasing device density in integrated circuits. To 
facilitate the increase in device density, new technologies 
are constantly needed to allow the feature size of these 
semiconductor devices to be reduced. 

[0005] The push for ever increasing device densities is particu- 
larly strong in complementary metal oxide semiconductor 
(CMOS) technologies such as in the design and fabrication 



of field effect transistors (FETs). FETs are the basic electri- 
cal devices of today's integrated circuits and are used in 
almost all types of integrated circuit design (e.g., micro- 
processors, memory, etc.). FETs may be formed on con- 
ventional substrates. For example, a conventional CMOS 
FET formed on a silicon wafer may include a gate oxide 
layer formed on the wafer, a gate formed on the gate ox- 
ide layer, spacers formed beside the gate on the gate ox- 
ide layer, and doped source/drain (S/D) regions arranged 
on respective sides of a gate conductor. The gate is sepa- 
rated from a channel (which is situated between the S/D 
regions) by the gate oxide layer. Shallow trench insulator 
(STI), local oxidation of silicon (LOCOS), or poly-bared LO- 
COS isolations are usually employed to provide for isola- 
tion of adjacent transistors. When the FET is operated, an 
electric field is grated by applying a voltage to the gate. 
The electrical field is used to control the channel situated 
between the S/D regions. For example, if the channel is 
turned on, the electrons/holes flow from the source re- 
gion to the drain region. In contrast, if the channel is 
turned off the electrons/holes cannot flow between the 
source region and the drain region. Therefore, the on/off 
state of the channel controls the connection/discon- 



nection of the circuit. 
[0006] Unfortunately, increased device density in CMOS tech- 
nologies often results in degradation of reliability. One 
type of FET that has been proposed to facilitate increased 
device density is a double gated FET (finFET). FinFETs use 
two gates, one on each side of a fin body (i.e. transistor 
body), to facilitate scaling of CMOS dimensions, while 
maintaining an acceptable performance. In particular, the 
use of the double gate suppresses Short Channel Effects 
(SCE), provides for lower leakage, and provides for more 
ideal switching behavior. In addition, the use of the dou- 
ble gate increases gate area, which allows the finFET to 
have better current control, without increasing the gate 
length of the device. As such, the finFET is able to have 
the current control of a larger transistor without requiring 
the device space of the larger transistor. However, con- 
ventional fin height control techniques have drawbacks 
that introduce undesirable variation into the height of 
fins. For example, conventional non-silicon-on-insulator 
finFET technologies rely on a silicon etch-stop height 
control technique for determining fin height. This tech- 
nique involves the process of etching fins from silicon 
where the silicon fins have different heights. The height of 



a fin is determined by how much bulk silicon is etched. 
Variability in the etch depth translates to undesirable vari- 
ability in fin height. Such a technique introduces too much 
variation into the manufacture of variable height fins be- 
cause the etch process is difficult to precisely control. 

[0007] Another way to facilitate scaling of CMOS dimensions, 
while maintaining an acceptable performance, is to in- 
crease the mobility of carriers in a semiconductor mate- 
rial. In CMOS technology, n-channel FETs (n-FETs) use 
electrons as carriers and p-channel FETs (p-FETs) use 
holes as carriers. When an electric field is applied to a 
semiconductor substrate, each of the carriers (i.e. holes 
and electrons) in the substrate will experience a force 
from the field and will be accelerated along the field. The 
velocity of the carriers due to this effect is called drift ve- 
locity and it is proportional to the applied electric field. 
This proportionality factor is known as mobility (u). The 
higher the mobility, the higher the current density the 
transistor will have, resulting in a faster switching speed. 

[0008] | n conventional CMOS technologies, mobility of carriers is 
dependent on a number of factors, especially the surface 
plane of a wafer. That is, carriers see the periodicity of the 
atoms (the pattern the atoms form), which is completely 



determined by the crystal plane. Thus, planar devices al- 
ways have the mobility associated with the plane on which 
they are formed. 
[0009] Accordingly, conventional CMOS technologies use silicon 
substrates having a surface oriented on a (100) crystal 
plane. Conventional silicon substrates having a surface 
oriented on the (100) crystal plane are chosen because: (a) 
the surface state density between the silicon substrate 
and the silicon oxide film is at a minimum when the sili- 
con substrate surface is oriented on the (100) plane; and 
(b) the mobility of electrons in the (100) plane is higher 
than in other crystal planes, and therefore, the source- 
drain current of a n-channel FET formed on the semicon- 
ductor substrate having the (100) plane provides the 
largest current. However, the mobility of holes is not opti- 
mized in the (100) plane, and therefore, the source-drain 
current of a p-channel FET formed on the semiconductor 
substrate having the (100) plane is inevitably small. The 
p-channel FET therefore fails to have desirable character- 
istics, even though the n-channel FET exhibits good char- 
acteristics. Many planes in a lattice are equivalent by a 
symmetry transformation. For example, the (100), (010), 
and (001) planes are planes of equivalent symmetry. In 



this application, a plane and all of its equivalent planes 
are denoted by { } parentheses. Thus, the designation of 
the plane {100} includes the equivalent (100), (010), and 
(001) planes. Like the crystal direction, a crystal plane in 
this application includes both positive and negative inte- 
gers unless specifically stated or shown otherwise. Ac- 
cordingly, for example, the designation of the plane {100} 
includes the (-100), (0-10), and (00-1) planes in addition 
to the (100), (010), and (001) planes. 

[0010] Hole mobility could be enhanced, especially at high elec- 
tric fields, if p-channel FETs were formed on the (111) 
plane. However, because the (111) plane has a worse mo- 
bility for electrons, it is not used in conventional planar 
CMOS. In conventional planar CMOS, since utilizing differ- 
ent planes for different devices is impossible (i.e. since 
planar CMOS is "planar", both n-channel FETs and p- 
channel FETs must be on the same plane), the (100) plane 
provides a compromise between maximizing hole and 
electron mobility. 

[0011] Conventional finFET technologies have drawbacks regard- 
ing hole mobility. For example, due to mobility differences 
between electrons and holes in silicon, conventional fin- 
FET technologies require the number of p-finFET devices 



to be approximately twice that of n-finFET devices so to 
obtain the same electrical current when p-finFET height is 
the same as n-finFET height. Thus, the total area required 
for p-finFET devices is approximately twice that of n- 
finFET devices. Alternatively, conventional techniques for 
accommodating mobility differences rely on the fabrica- 
tion of multiple parallel fins on a substrate. This technique 
has an undesirable circuit density penalty. By fabricating 
parallel fins for a single device to accommodate mobility 
differences, one problem is created (more substrate area 
is consumed per device) while addressing another 
(mobility differences). 
[0012] Thus, there is a need for improved finFET technologies 
that: improve circuit density by forming finFET devices 
from single fin n-finFETs and from stacked fin p-finFETs 
without impacting device performance; utilize various 
crystal planes for FET current channels in order to opti- 
mize mobility and/or reduce mobility in specific devices 
depending upon the particular application; and improve 
fin height control by forming finFETs from multiple silicon 
layers having buried oxide layers in between the silicon 
layers, thus eliminating the need for a silicon etch-stop 
height control technique. 



Summary of Invention 

[0013] The present invention thus provides a device structure 
and method of forming fin Field Effect Transistors 
(finFETs) that overcome many of the disadvantages of the 
prior art. Specifically, the device structure and method 
provide the ability to form finFET devices with improved 
circuit density while accounting for mobility differences by 
forming a finFET device having a single fin n-finFET and a 
stacked double fin p-finFET. Additionally, the device 
structure and method provide the ability to form finFET 
devices that utilize various crystal planes in order to opti- 
mize mobility and/or reduce mobility in specific devices. 
Finally, the device structure and method provide improved 
fin height control by forming finFETs from multiple silicon 
layers having buried oxide layers in between the silicon 
layers, the buried oxide layers acting as a silicon etch 
stop. 

[0014] | n a fj rs t aspect, the invention is a method of forming a 
semiconductor structure, the method comprising the 
steps of providing a substrate with a first semiconductor 
layer on a first insulator layer, a second insulator layer on 
the first semiconductor layer, and a second semiconduc- 
tor layer on the second insulator layer, forming a first fin 



and a second fin in the second semiconductor layer, 
masking the first fin, and forming a third fin in the first 
semiconductor layer, where the second fin is stacked on 
the third fin. 

[0015] | n a second aspect, the invention is a semiconductor 

structure comprising a semiconductor substrate having a 
first semiconductor layer on a first insulator layer, a sec- 
ond insulator layer on the first semiconductor layer, and a 
second semiconductor layer on the second insulator layer, 
a first and second fin formed in the second semiconductor 
layer, and a third fin formed in the first semiconductor 
layer, where the second fin is stacked on the third fin. 

[0016] | n a third aspect, the invention is the semiconductor 

structure as previously described, where the first silicon 
layer has a surface oriented on a first crystal plane and the 
second silicon layer has a surface oriented on a second 
crystal plane. 

[0017] in a fourth aspect of the invention, the invention is a fin- 
FET device comprising the semiconductor structure as 
previously described, further comprising a dopant im- 
planted into each of the fins, a gate stack formed on each 
of the fins, a source region implanted in a first exposed 
portion of each of the fins, and a drain region implanted 



in a second exposed portion of each of the fins, where the 
source and drain regions are separated by the fin channel 
region. 

[0018] The foregoing and other advantages and features of the 

invention will be apparent from the following more partic- 
ular description of a preferred embodiment of the inven- 
tion and as illustrated in the accompanying drawings. 
Brief Description of Drawings 

[0019] The preferred exemplary embodiment of the present in- 
vention will hereinafter be described in conjunction with 
the appended drawings, where like designations denote 
like elements, and 

[0020] FIG. 1 is a flow diagram illustrating a fabrication method 
of the invention; 

[0021] FIGS. 2-9 are cross-sectional side views of an embodi- 
ment of a semiconductor structure of the invention during 

the fabrication method of FIG. 1. 
Detailed Description 

[0022] The present invention thus provides a device structure 
and method of forming fin Field Effect Transistors 
(finFETs) that overcome many of the disadvantages of the 
prior art. Specifically, the device structure and method 



provide the ability to form finFET devices with improved 
circuit density while accounting for mobility differences by 
forming a finFET device with a single fin n-finFET and a 
stacked double fin p-finFET. Additionally, the device 
structure and method provide the ability to form finFET 
devices that utilize various crystal planes in order to opti- 
mize mobility and/or reduce mobility in specific devices. 
Finally, the device structure and method provide improved 
fin height control by forming finFETs from multiple silicon 
layers having buried oxide layers in between the silicon 
layers, the buried oxide layers acting as a silicon etch 
stop. 

[0023] The invention will next be illustrated with reference to the 
figures in which the same numbers indicate the same ele- 
ments in all figures. Such figures are intended to be illus- 
trative, rather than limiting, and are included to facilitate 
the explanation of the process and device of the present 
invention. 

[0024] Turning now to FIG. 1, an exemplary method 100 for 

forming finFETs in accordance with the present invention 
is illustrated. The fabrication method 100 allows finFETs 
to be formed with improved circuit density, height control, 
and mobility enhancements. Thus, method 100 provides 



the advantages of producing finFETs in a more cost- 
effective fabrication process. Method 100 will now be de- 
scribed in detail, along with examples of one embodiment 
of a wafer portion during process in FIGS. 2-9. 

[0025] The first step 102 of FIG. 1, is to provide a suitable semi- 
conductor substrate that includes two semiconductor lay- 
ers and two insulator layers, where each semiconductor 
layer has an insulator layer beneath it and in contact with 
it. In the preferred embodiment, the semiconductor layers 
comprise silicon and the insulator layers comprise silicon 
dioxide. Alternatively, the semiconductor layers may com- 
prise any suitable semiconductor material. The silicon lay- 
ers of the preferred embodiment are herein referenced to 
as Silicon-on-lnsulator (SOI) layers and the insulator lay- 
ers as Buried Oxide (BOX) layers. 

[0026] Turning now to FIG. 2, an exemplary semiconductor 

structure 200 is illustrated that comprises a semiconduc- 
tor substrate 202, a first BOX layer 204, a first SOI layer 
206, a second BOX layer 208 and a second SOI layer 210. 
First BOX layer 204 and first SOI layer 206 can be formed 
by implanting oxygen into substrate 202. The formation 
of a SOI layer and a BOX layer in a semiconductor sub- 
strate by implantation of oxygen, known as Separation by 



IMplanted OXygen (SIMOX), is well known in the art, and 
thus, is not described in further detail. First BOX layer 204 
and first SOI layer 206 can be any suitable thickness. For 
example, first BOX layer 204 can be approximately 100 
nm to 200 nm thick and first SOI layer 206 can be ap- 
proximately 40 nm to 70 nm thick. Substrate 202 can 
comprise any suitable bulk semiconductor material, such 
as a silicon {100} wafer. For example, substrate 202 can 
comprise any suitable bulk semiconductor material having 
a surface oriented on a first crystal plane that enables 
subsequent crystal planes for FET current channels to be 
utilized, such as a {110} crystal plane for example. The 
proper alignment of the crystal lattice has a large effect 
on the material properties of the substrate, including its 
electrical properties (e.g. its carrier mobility properties) 
and how it reacts to other materials and chemical pro- 
cessing. As will be made clear, providing a substrate hav- 
ing a surface oriented on a {110} crystal plane for example 
enables method 100 to form finFETs in a manner that en- 
ables subsequent crystal planes for the FET current chan- 
nels to be utilized. 
[0027] Second BOX layer 208 can be formed by depositing a di- 
electric film onto first SOI layer 206. Second BOX layer 208 



can comprise any suitable material and be any suitable 
thickness. For example, second BOX layer 208 can com- 
prise approximately 10 nm to 30 nm of silicon dioxide. 
Second SOI layer 210 can be formed by bonding a second 
bulk semiconductor wafer to the surface of second BOX 
layer 208, where the second bulk wafer comprises im- 
planted hydrogen. For example, the second bulk wafer 
can be bonded to the second box layer 208 by placing the 
second bulk wafer in contact with the surface of second 
BOX layer 208 at a temperature ranging from room tem- 
perature to 1000 C. The implanted hydrogen causes the 
silicon bonds of the second bulk wafer to cleave at a sub- 
stantially uniform plane at some depth in the bulk semi- 
conductor wafer, where the depth is determined by the 
implant energy of the hydrogen. Second SOI layer 2 10 is 
formed by cleaving the second bulk wafer along a sub- 
stantially uniform plane formed by the implanted hydro- 
gen. After cleaving the second bulk wafer, second SOI 
layer 210 remains bonded to the surface of second BOX 
layer 208. Second SOI layer can be any suitable thickness. 
For example, second SOI layer 210 can be approximately 
40 nm to 70 nm thick. 
[0028] The second bulk wafer can comprise any suitable bulk 



semiconductor material. For example, the wafer can com- 
prise any suitable bulk semiconductor material having a 
surface oriented on a second crystal plane such as a {100} 
crystal plane for example. The particular finFET plane (the 
crystal plane that the electrons or holes are associated 
with) is defined by the sidewall of the fin, as opposed to 
the particular crystal plane the SOI layer is oriented on. 
The predetermined orientation of first SOI layer 206 will 
result in fin sidewalls being oriented on a first crystal 
plane while the predetermined orientation of second SOI 
layer 210 will result in fin sidewalls being orientated on a 
second crystal plane. Accordingly, fin sidewalls that will 
be formed from first SOI layer 206 may be oriented on a 
first crystal plane (e.g. a {110} crystal plane) that provides 
different carrier mobility as compared to fins that will be 
formed on second SOI layer 210 having a second crystal 
plane (e.g. a {100} crystal plane). Alternatively, first SOI 
layer 206 and second SOI layer 210 may have the same 
crystal orientation, and therefore, provide the same carrier 
mobility. 

[0029] Returning to FIG. 1, the next step 104 of method 100 is to 
deposit a suitable hardmask blocking layer and a suitable 
hardmask cap layer. Both the hardmask blocking layer and 



the hardmask cap layer can comprise any suitable material 
and any suitable thickness. For example, the hardmask 
blocking layer can comprise approximately 15 Ato 100 A 
of silicon dioxide, and the hardmask cap layer can com- 
prise approximately 200 Ato 300 Aof silicon nitride. As 
will become clear, the hardmask cap layer and the hard- 
mask blocking layer will be used to pattern the fins. 

[0030] Turning now to FIG. 3, semiconductor structure 200 is il- 
lustrated after hardmask blocking layer 212 and a hard- 
mask cap layer 214 have been deposited. Hardmask 
blocking layer 212 and hardmask cap layer 214 can com- 
prise any suitable hardmask material, such as silicon 
dioxide and silicon nitride, respectively. 

[0031] Returning to FIG. 1, the next step 106 is to pattern the 
hardmask blocking layer and the hardmask cap layer to 
form the fin patterns. This can be done using any suitable 
process, and would typically involve the deposition and 
developing of a suitable photoresist and then a subse- 
quent etch of the hardmask blocking layer and hardmask 
cap layer. The photoresist can be developed using any 
suitable process such as optical lithography, electron 
beam lithography, x-ray lithography, or other conven- 
tional means for developing the photoresist. After the 



photoresist has been developed, the hardmask blocking 
layer and hardmask cap layer can then be patterned se- 
lective to the developed photoresist with a reactive ion 
etch (RIE). The patterned hardmask layers will then be 
used to pattern the underlying second SOI layer during a 
silicon RIE to define first silicon fins that will be used to 
form n-finFET devices and second silicon fins that will be 
used to form stacked-fin p-finFET devices. As such, the 
length and height of the patterning would be determined 
by the desired fin sizes for the particular application. 

[0032] Turning now to FIG. 4, semiconductor structure 200 is il- 
lustrated after the hardmask blocking layer 212 and the 
hardmask cap layer 214 have been patterned. 

[0033] Returning to FIG. 1, the next step 108 is to form first fins 
that will be used to form n-finFET devices and second fins 
that will be used to form stacked-fin p-finFET devices. 
The patterned hardmask layers are used to pattern the 
underlying second SOI layer during a silicon RIE to define 
the first and second fins. The silicon RIE process stops 
when the second BOX layer is reached, and thus, the sec- 
ond BOX layer functions as a silicon etch stop. 

[0034] Turning now to FIG. 5, semiconductor structure 200 is il- 
lustrated after the second SOI layer has been etched. At 



this point, the portions of the second SOI layers that were 
not etched form first fins 220 and second fins 230. The 
height of fins 220 and 230 is predetermined by the thick- 
ness of the second SOI layer. As previously stated, the 
thickness of the second SOI layer can be approximately 40 
nm to 70 nm. 

[0035] Returning to FIG. 1, the next step 110 is to deposit and 
develop a suitable photoresist over the first fins so that 
only the first fins will be protected, also known as 
masked, during subsequent processing steps. The second 
fins that will be used to form stacked-fin p-finFET devices 
remain exposed. As will become clear, the first fins that 
will be used to form n-finFET devices are covered by de- 
veloped photoresist so that the fins are masked when the 
first BOX layer and the first SOI layer are etched to form 
the stacked double fins. 

[0036] Turning now to FIG. 6, semiconductor structure 200 is il- 
lustrated after photoresist 240 has been deposited and 
developed over first fins 220. Second fins 230 that will be 
used to form stacked-fin p-finFET devices remain ex- 
posed. 

[0037] Returning to FIG. 1, the next step 112 is to etch the ex- 
posed area of the second BOX layer. The exposed area of 



the second BOX layer is the portion of that layer not cov- 
ered by the photoresist patterned during step 110 and not 
positioned under the hardmask blocking layer and hard- 
mask cap layer patterned during step 106. After the oxide 
RIE, the next step 114 is to etch the exposed area of the 
first SOI layer to form the third fins. The exposed area of 
the first SOI layer is that portion of the first SOI layer that 
was covered by the portion of the second BOX layer which 
was removed during etch step 112. The silicon RIE pro- 
cess is continued until the first BOX layer is reached. 
[0038] Turning now to FIG. 7, semiconductor structure 200 is il- 
lustrated after second BOX layer 208 and first SOI layer 
206 have both been etched in accordance with steps 112 
and 114 of FIG. 1, respectively. First fins 220 that will be 
used to form n-finFET devices have not been affected by 
etching steps 112 and 114 of FIG. 1 due to developed 
photoresist 240. Third fins 250 of stacked double fins 
262 (formed by second fins 230 and third fins 250) have 
been formed as a result of etching steps 112 and 114 of 
FIG. 1. The height of third fins 250 is predetermined by 
the thickness of first SOI layer 206. As previously stated, 
the thickness of the first SOI layer can be approximately 
40 nm to 70 nm. Oxide layer 260 separates second fins 



230 from third fins 250 of stacked double fins 262. 
Therefore, p-finFET devices to be formed from stacked 
double fins 262 will have substantially the same current 
density as n-finFET devices to be formed from first fins 
220 because the p-finFET devices will have twice the sur- 
face area (second fins 230 and third fins 250) as the n- 
finFET devices (first fins 220), thus adjusting for the re- 
duced carrier mobility of p-finFET devices. Additionally, 
BOX layers 204 and 208 act as an ideal silicon etch stop, 
thus, the height of fins 220, 230 and 250 is well con- 
trolled. 

[0039] Returning to FIG. 1, the next step 116 is to remove the 

photoresist that was deposited and patterned during step 
110. The photoresist can be removed using any suitable 
technique, for example a liquid resist strip process or an 
oxygen plasma process where the photoresist is oxidized 
(commonly referred to as ashing). The underlying hard- 
mask blocking layer and hardmask cap layer can remain, 
and can be used to protect the fins during future pro- 
cesses. 

[0040] Turning now to FIG. 8, first fins 220 can be used to form 
n-finFET devices and stacked double fins 262 can be used 
to form p-finFET devices. First fins 220 are positioned on 



second BOX layer 208, first SOI layer 206, first BOX layer 
204, and semiconductor substrate 202. Second fins 230 
and third fins 250, separated by oxide layer 260, are po- 
sitioned on first BOX layer 204 and semiconductor sub- 
strate 202. Hardmask blocking layer 212 and hardmask 
cap layer 214 can remain and can be used to protect the 
fins during future processes. 
[0041] with the fins defined, finFET devices can then be com- 
pleted. The described methods can be applied to any type 
of finFET manufacturing process. A short description of an 
exemplary process will now be given, but those skilled in 
the art will recognize that other suitable processes could 
be used. 

[0042] The first step in the exemplary process would be to dope 
the fins. Typically, this may include an ion implantation 
into the fins. Ion implantation is typically designed to 
achieve a concentration of, for example, between lxlO 17 
cm -3 to 5xl0 18 cm -3 for the purpose of adjusting thresh- 
old voltage. In one embodiment, ion implantation may 
comprise an angled implant into exposed opposing verti- 
cal sidewalls of semiconductor layer, and would serve to 
properly dope the fins. 

[0043] The next steps would be to form gate stacks. This can 



comprise forming gate insulator layers on opposing verti- 
cal sidewalls of the fins. Gate insulator layers may be 
formed by thermal oxidation, typically at 750-800 °C, or 
alternatively, may be formed by depositing a dielectric 
film. For the exemplary purposes of this disclosure, gate 
insulator layers may be Si0 2 , a nitrided oxide material, a 
high-K dielectric material, or combinations thereof, as 
known in the art. 
[0044] The next step is to form gate conductor layer overlying 

the gate insulator layers. Gate conductor layer may be any 
suitable conducting material, typically a polycrystalline 
silicon material, although amorphous silicon, a combina- 
tion of amorphous silicon and polysilicon, polysilicon- 
germanium, or any other appropriate material may be 
used to form gate conductor layer. In addition, in some 
embodiments of the present invention, it might be advan- 
tageous to employ a metal gate conductor layer, such as 
W, Mo, or Ta, or any other refractory metal, or alterna- 
tively, a silicided gate conductor comprising polysilicon 
added with Ni or Co. When the gate conductor layer is a 
silicon material, it may be deposited as a doped layer 
(in-situ doping). Where the gate conductor layer is a metal 
layer, such layers may be deposited using physical vapor 



or chemical vapor deposition methods or any other tech- 
nique known in the art. In this manner, gate structures are 
formed adjacent to oxide layers formed on opposing ver- 
tical sidewalls of the fins formed by semiconductor layer 
portions. 

[0045] The next step is to pattern gate conductor layer and gate 
insulator layer. This would typically be accomplished by 
depositing and patterning a hardmask film. Typically, 
hardmask film material may be SiO or Si N . Accord- 

7 2 3 4 

ingly, gate conductor layer may be patterned and struc- 
tured using well known photolithography and etching 
techniques to form the gate stack, i.e., using hardmask 
film caps as an etch mask during a directional etching of 
gate conductor layer. This involves selectively removing 
portions of gate conductor layer down to the isolation, but 
does not remove the portions of semiconductor layer 
forming the fins that are protected by hardmask film. 
Therefore, the fins may extend beyond the gate stack. The 
patterning and structuring also leaves portions of gate 
conductor layer, which define the gate structures adjacent 
the fin bodies. 

[0046] The next step is to form a thin oxide layer on the gate 
conductor sidewalls, most commonly known as an oxide 



spacer, and then to dope the exposed portion of the fins 
with halo and/or extension implants. Formation of the 
source/drain regions may be accomplished using any of 
the variety of methods that have been developed to form 
source/drain regions and that are tailored for specific 
performance requirements. There are many such methods 
for forming source/drain regions having various levels of 
complexity. Thus, in some embodiments of the present 
invention, using ion implantation for example, lightly 
doped source/drain regions or other source/drain regions 
may be formed. Thus, for NFETs, typically P, As, or Sb for 
example is used for the source/drain implants in the 
range of 1 to 5 keV and a dose of 5xl0 14 to 4xl0 15 cm -3 . 
Similarly, for PFETs, typically B, In, or Ca for example is 
used for the source/drain implants in the range of 0.5 to 
3 keV and dose of 5xl0 14 to 4xl0 15 cm -3 . 
[0047] Optionally, extension and halo implants may be formed 
that improve Short Channel Effects (SCE). For NFETs, typi- 
cally B, In, or Ga may be used for the halo implants with 

13 

energies in the range of 5 to 15 keV and a dose of 1x10 

13 -3 — 

to 8x10 cm . Similarly, for PFETs, P, As, or Sb may be 
used for the halos, with energies from 20 to 45 keV and 
dose of lxlO 13 to 8xl0 13 cm -3 . 



[0048] jo complete the devices, contacts to sources, drains, and 
gates may then be formed. Accordingly, a dielectric may 
be deposited and planarized typically using a CMP pro- 
cess. Contact holes may then be structured and etched 
using an anisotropic process (e.g. RIE) or the like. The 
contact holes may be filled using any conducting material, 
such as doped polysilicon, silicide (e.g. WSi), metals (e.g. 
Au, Al, Mo, W, Ta, Ti, Cu, or ITO (indium-tin oxide)), or 
the like, being deposited by evaporation, sputtering, or 
other known techniques, thereby forming S/D contacts. 
Then the first metal layer may be deposited and struc- 
tured using a RIE process or the like. Alternatively, the 
structuring of the first metal layer may be done following 
a damascene process flow. 

[0049] Turning now to FIG. 9, exemplary completed finFET de- 
vices are illustrated on wafer portion 202. An embodiment 
of the present invention is depicted having a minimum of 
complexity. Gate stacks comprise gate insulator layers 
270, which are formed on opposing sides of first fins 220 
and also on opposing sides of second fins 230 and third 
fins 250 of stacked double fins 262, and gate conductor 
layers 280, which overly gate insulator layers 270, hard- 
mask film 212 and hardmask cap layers 214. Oxide spac- 



ers 290 are formed on the sidewalls of gate conductor 
layers 280. The finFET channel region is that portion of 
the opposing fin sidewalls between the source and drain 
regions of the respective finFET devices. Also in this par- 
ticular embodiment, gate conductor layers 280 are con- 
tinuous across both sides of the fin, but in other embodi- 
ments, the gate conductor layers are divided into two por- 
tions. 

[0050] CMOS finFET devices according to the present invention 
may be used in many different kinds of circuits, such as 
high performance logic, low power logic or high density 
memory devices, including high density multi-gigabit 
DRAMs. Moreover, the CMOS finFET devices may readily 
be combined with other elements, such as for example 
capacitors, resistors, diodes, memory cells and so forth. 

[0051] The present invention thus provides a device structure 
and method for forming finFETs that overcome many of 
the disadvantages of the prior art. Specifically, the device 
structure and method provide the ability to form finFET 
devices with improved circuit density while accounting for 
mobility differences by forming a finFET device with a sin- 
gle fin n-finFET and a stacked double fin p-finFET. Addi- 
tionally, the device structure and method provide the abil- 



ity to form finFET devices that utilize various crystal 
planes in order to optimize mobility and/or reduce mobil- 
ity in specific devices. Finally the device structure and 
method provide improved fin height control by forming 
finFETs from multiple silicon layers having buried oxide 
layers in between the silicon layers, the buried oxide lay- 
ers acting as a silicon etch stop. 
[0052] The embodiments and examples set forth herein were 
presented in order to best explain the present invention 
and its practical application and to thereby enable those 
of ordinary skill in the art to make and use the invention. 
However, those of ordinary skill in the art will recognize 
that the foregoing description and examples have been 
presented for the purposes of illustration and example 
only. The description as set forth is not intended to be 
exhaustive or to limit the invention to the precise form 
disclosed. Many modifications and variations are possible 
in light of the teachings above without departing from the 
spirit and scope of the forthcoming claims. Accordingly, 
unless otherwise specified, any components of the 
present invention indicated in the drawings or herein are 
given as an example of possible components and not as a 
limitation. Similarly, unless otherwise specified, any steps 



or sequence of steps of the method of the present inven- 
tion indicated herein are given as examples of possible 
steps or sequence of steps and not as limitations. 



